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Changes in the Electronics World

Over the past decade plus, much has changed
in the semiconductor world. Among the rapid
changes are: : :
— Scaling of tec e
< Increased ga r unit area (as

Mainstream digital - CMOS scaling
Semiconductor Roadmap  '®dm¢

0.1);

Technology Design Rules (um)

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010
“Moore's Law” continues to drive semiconductor roadmap
o -~ 30% reduction in transistor size with each new technology




@ Radiation Effects and Spacecraft

Cntlcal areas for desugn in the
natural s ace radiation

@ Total Ionlzmg Dose (TID)

. Cumulatlve long ! term
lomzmg damage due to




@ Displacement Damage (DD)

s Cumulatlve Iong term non-ionizing

@ ‘Single Event Effects (SEEs)

+ AnSEEi is caused by a single charged pamcle as it passes
through a semlconductor matenal




@ Typical Ground Sources for Space
'Radiation Effects Testing

~ Total lonizing Dose (TID) —
Technology Trends (1)

CMOS Digital Volatile Memory & Logic Technology
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-Total lonizing Dose (TID) —
‘Technology Trends (2)
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Radiation Test Challenge — Fault
Isolation

Issue: understandmg what
within the device i is causing fault
f

Fault Isolation —_(2)

Example. SRAM-based
FP




Fault Isolation —(3)

Macrobeam structure: implies probabilistic chance of hitting a
smgle node that may be sensitive
- If | SEE typlcal 'heavy ion test run is to 1x 107

Fault Isolation —(4)

Typical Chip Cross Section
Standard mlcrobeam and Iaser test




Radiati'on Test Challenge — Geometry

Issue: the scaiing of feature size and cIoser_i_ess of cells




Géometry Implications (3)

' after Reed, 2002

Geometry Implications (4)

+ Ultra-thin qi;idés_ provide two concerns
~  Single particles rupturing the gate
:  This is a functi th ’
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@ Radlatlon Test Challenge — Speed
Impllcatlons

. Issue: the m'ér’easin"g device speeds >> GHz)

MPU Clock Frequency Actual vs ITRS

Historical <> 1999 ITRS A
T 2001 ITRS X

100,000

Actual Scaling
Acceleration, or
Equivalent Scaling
Innovation
Needed to
maintain historical
trend

Frequency (MHz)

MPU Clock Frequency
Historical Trend:

Gate Scaling,

Design
contributed

~ 17-19%/year
Architectural Design
innovation contributed
additional

~ 21-13% year
Sources: Sematech, 2001 ITRS ORTH i
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Speed (2)

Technology Compllcatlons
i gle event transients
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Speed (3)
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. Testing in a vacuum
. .chamb li

Speed (6)

Brookhaven National Labofatories’ :
Single Event Upset Test Facility (SEUTF)
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'@Specialty Packaging for Radiation Test

Summary and Comments

+ We have presented a brief overview of
SOME of the radiation challenges facing
nologies -

£
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The Top Five Re'searcthévelopment Areas
Requ1red for Radiation Test and Modeling —
' Author s Opmlons

15



